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ABSTRACT

REBASE is a comprehensive database of information
about restriction enzymes and their associated methy-
lases, including their recognition and cleavage sites
and their commercial availability. Also included is a
listing of homing endonucleases. Information from
REBASE is available via monthly electronic mailings
as well as via anonymous ftp and through the World
Wide Web. The REBASE web site, http://www.neb.com/
rebase , is where we maintain a web page for every
enzyme, reference and supplier. Additionally, there is
a search facility, help and NEWS pages, and a complete
description of our various services. Specialized files

commercial suppliers of restriction enzymes and methylases,
complete with contact information and a listing of enzymes they
currently sell. New data files are constantly being added and each
release of REBASE includes a monthly newsletter indicating that
the files at the www and ftp sites have been updated, and listing
new enzymes, newly available formats, enzyme name changes,
etc. To join the mailing list or for more information, contact either
author (e-mail: macelis@neb.com or roberts@neb.com; tele-
phone (978) 927-3382; fax (978) 921-1527).

Because of the new naming conventions for homing endonu-
cleases 4) several enzyme names have been changed. Those
affected are the homing endonucleases NOT encoded in introns.
These now carry the prefix F- and are called ‘free-standing

are available that can be used directly by many endonucleases’.
software packages. Old name New name
EndoSce F-Sceé
INTRODUCTION HO-endo FSceél
- ) . 1-Suv F-Suv
The restriction enzyme database, REBASE, is a collection @f_Tey E-Teu
information about restriction enzymes and methylases. Since tRgTey| E-Teul

last description of the contents of REBASHE, (/9 new entries

have been added. These include two Type Il enzymes with newin forming Tablel, all endonucleases cleaving DNA at a
specificities BseMIl which recognizes the sequence CTSA; ( Specific sequence have been considered to be restriction enzymes
andHadV, which recognizes the sequence GAYNNNNNRTCalthough in most cases there is no direct genetic evidence for the
(3). Among the 2900 restriction enzymes now known, there aferesence of a restriction-modification system. The endonucleases
19 fully characterized Type | specificities, 212 different Type liare named in accordance with the proposal of Smith and Nathans
specificities and four different Type |l specificities. Talile

contains a listing of all prototype restriction enzymes (Types |, Il We request that authors wishing to cite REBASE use this article
and Ill), together with their commercially available isoschi-as a general reference for the complete listing that is available
zomers and neoschizomers. Homing endonucledbesg also  €lectronically.

listed in REBASE and seven of the 37 known are commercially

available (see Tabl®. REBASE currently stores 4696 published ACKNOWLEDGEMENTS

references, with abstracts, and 486 unpublished observations. _ .

REBASE is updated daily. Each month, a set of REBASE dataP€cial thanks are due to the many individuals who have so
files are released publically and distributed to the scientifi€indly communicated their unpublished results for inclusion in
community, at no charge, via e-mail. They can also be retrievdgiS compilation. This database is supported by the National
by anonymous ftp (www.neb.com, in  pub/rebase), Wwalg-brary of Medicine (LM04971).

(www.neb.com, port 210) or through the World Wide Web

(http://www.neb.cqm/rebase ): These da;a_l files are ASCI'I ¥ EFERENCES

files, many of which are designed specifically for use with a

variety of software packages such as GCG, IGSuite, GENEPRQ, Roberts,R.J. and Macelis,D. (199®)cleic Acids Res25, 248-262.
Staden, DNA Strider, Pro-Cite, PC/Gene, SEQAIDII, GENE- 2 Kazlauskie_n_e,R., Petrusyte,M., Kairaitigne,R., Kiuduliene,E., Butkus,V.
TYX, DNASIS, CAD Gene and Reference Manager. Other data, %?gk‘;?gx:i'z“i%#gﬁgfgg‘égg’;ﬁ;ﬁfgs'

files include a complete set of references, including abstracts, 1 peifort, M. and Roberts,R.J. (199Njicleic Acids Res25, 3379-3388.
papers on restriction enzymes and methylases; a list of ali smith,H.0. and Nathans,D. (19ZB)Mol. Biol, 81, 419-423.

* To whom correspondence should be addressed. Tel: +1 978 927 3382; Fax: +1 978 921 1527; Email: roberts@neb.com
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Table 1

Type |l restriction enzymes

Prototypé Isoschizomer® Recognition sequente Me sit¢ Commercial souréke
Aatll GACGT|C ADEFKLMNOPRS
Acd GT]MKAC 5(6) ABDEGJKLMNOPQRS
(Acdll) CAGCTC(7/11)
Acil CCGC(-3/-1) N
Acll AA|CGTT IN
Pspl406l AA |CGTT DFKM
Acyl GR|CGYC M
Bhill GR|CGYC K
BseHI GR|CGYC N
BstACI GR|CGYC |
Hinll GR|CGYC EFO
Hspa2I GR|CGYC R
Mspl 7 GR|CGYC D
Aflll C|TTAAG ABJKNO
Bfrl CITTAAG MO
Bsprl ClTTAAG DF
Bs©8l CITTAAG R
MspCl C|TTAAG C
Vhad64l CITTAAG |
Aflll AJCRYGT ABMN
Agd AJCCGGT 2(5) INR
AsiAl AJCCGGT |
PinAl A|CCGGT BM
(Ahalll) Dral TTTLAAA ABDEFGIJKLMNOPQRS
Alul AG|CT 3(5) ABCDEFGHIJKLMNOPQRST
AlwNI CAGNNN|CTG ABN
Apd GGGCCC 4(5) ABEGIJKLMNOPQRS
Bspl20I GJGGCCC DFN
PspOMI GJGGCCC |
(ApaBl) BstAPI GCANNNN|NTGC IN
Apall GJTGCAC 2(5) ADEKN
Alw44l G|TGCAC FIMORS
Vnd G|TGCAC |
Apd RIAATTY 2(6) N
Acd RIAATTY DIM
Asd GGJCGCGCC ?(5) N
(Asu) Ass9I GJGNCC I
BsizI GJGNCC T
Cfr13l G|/GNCC 4(5) DFKO
Sap6l G|GNCC 4(5) AJLMNOR
(Fmu) GGNC|C
(Asul) Bpul4 TT/CGAA I
BsiCl TTJCGAA T
Bspl19! TT/CGAA DF
BsBI TTJCGAA N
Psy GACN|NNGTC
Chil TTJCGAA J
Cspasl TT|CGAA OR

Lspl TT{CGAA L




340 Nucleic Acids Research, 1998, Vol. 26, No. 1

Table 1.continued

Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
Nspv TT|CGAA ABJKO
Sfu TT|CGAA M
Avd ClYCGRG ?(4) ABEGJKLMNOPQRS
AmeB71 ClYCGRG DI
Bcd ClYCGRG AT
BsdBlI ClYCGRG ?(4) N
EcaB8I ClYCGRG F
(NIi387/71) CYCGR|G
Aval G|GwWCC ?(5) ABEGJKMNPQRS
Bmel8I G|/GWCC |
Eco47I G|GwWCC FO
HgiEl GJIGWCC 2(5) D
Sinl G|GwWCC 4(5) LR
(VpaK11Al) lGGwcCC
(Avdll) Ecor22| ATGCA|T AKO
Mph1103I ATGCA|T F
Nsil ATGCA|T BDEHJLMNRS
Zsp2l ATGCA|T I
PpulOl A]TGCAT DN
(BfrBI) ATG|CAT
Avrll ClCTAGG N
Blnl C|/CTAGG AKMS
BspA2I C|CTAGG I
(Bad)® (10/15)ACNNNNGTAYC(12/7) 1(6),—4(6)
Ball TGGJ|CCA 4(4) AJKR
Misl TGG|CCA F
MIuNI TGG|CCA MS
Msd TGG|CCA BDNOS
BanHlI G|GATCC 5(4) ABCDEFGHIJKLMNOPQRST
Bbv GCAGC(8/12) 2(5),—2(5) N
Bst71l GCAGC(8/12) R
(BbMI) Bbd GAAGAC(2/6) N
Bpil GAAGAC(2/6) DF
BpuAl GAAGAC(2/6) M
(Bcd) CCATC
(BceB3l) CTTGAG(16/14)
(Bedl) ACGGC(12/13)
Bcg® (10/12)GCANNNNNNTCG(12/10)  3(6),—3(6) N
Bcivl GTATCC(6/5) N
Bcll T|GATCA BCDEFGJLMNOPRS
BsiQI T|IGATCA T
Fbal T|GATCA AK
Ksp22| T|/GATCA |
(Bet) Bsawl W]CCGGW N
(Bfil) ACTGGG(4/5)
Bgll GCCNNNN|NGGC ?(4) ABCDEFGHIJKLMNOPQRST
Bglll A|GATCT 5(4) ABCDEFGHIJKLMNOPQRST
(Binl) AclwI GGATC(4/5) [
Alwl GGATC(4/5) N
(Bmg) GKGCCC
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Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée

(Bph) GAGNNNNNCTC

BpulOl CCTNAGC(-5/-2) F

BsaAl YAC|GTR N
BsBAI YAC |GTR I

BsaBl GATNN|NNATC N
Bsesl GATNN | NNATC |
BsHL365I GATNN|NNATC DF
BsBI GATNN|NNATC T
BsBRI GATNN|NNATC R
Mami GATNN|NNATC ?(6) M

(Bsaxl) ACNNNNNCTCC

(Bsh) CAACAC

(Bsd3l) CCCGT

(BseMll) CTSAG

BsePl G|CGCGC I
BsdHll G|CGCGC ?(5) ABDEJKLMNOPQRS
Pau GJCGCGC F

BseRl GAGGAG(10/8) N

Bsd GTGCAG(16/14) N

(Bsil) BssSI CACGAG(-5/-1) N
BseBI CACGAG(-5/-1) DI

BsivYl CCNNNNN|NNGG MT
Bsatl CCNNNNN]NNGG I
Bsd.l CCNNNNN|NNGG F
Bsll CCNNNNNJNNGG N

Bsm GAATGC(1/-1) ABDEJLMNOS
Bsaul GAATGC(1/-1) R
BscCl GAATGC(1/-1) T
Mval269I GAATGC(1/-1) F

BsnAl GTCTC(1/5) N
Alw26I GTCTC(1/5) 3(5),—4(6) DFR

(BspR4l)e (8/13)GACNNNNNNTGG(12/7)

Bspl4071 T|GTACA DFK
Aau TIGTACA |
BsIGlI T|GTACA N
SsBl TIGTACA M

(BspGI) CTGGAC

BsHI T|CATGA AN
Pad T|CATGA F
Rcd T|CATGA BM

BspLU11l A|]CATGT M

Bspvl ACCTGC(4/8) N

(Bspvill) Acdll T|CCGGA EJKQR
BseAl TJ]CCGGA CM
BsiMI TICCGGA AT
Bspl3l TJCCGGA |
Bs(El TICCGGA N
Kpn2l TJCCGGA BDF
Mrol T|CCGGA MO

Bst ACTGG(1/-1) N
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Table 1.continued

Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
Bsell ACTGG(1/-1) [
BseNl ACTGG(1/-1) DF
BsrSI ACTGG(1/-1)
BsiBI CCGCTC(-3/-3) N
AcaBSI CCGCTC(-3/-3) DI
Mbil CCGCTC(-3/-3) F
BsDI GCAATG(2/0) N
Bse3DI GCAATG(2/0) [
BsEll G|GTNACC BDGHJLMNORS
BstPI G|GTNACC K
Eco91l G|GTNACC F
EcaO65I G|GTNACC AK
PsfEl G|GTNACC I
BsiXI CCANNNNN|NTGG ABDEFGHJKLMNOQRS
Caal GCN|NGC N
(Caul) AsLC2 CClSGG [
Benl CClSGG 2(4) ADFK
Ncil CC|SGG BEJLMNORST
(EcaHI) |CCSGG
Cfrl Y |GGCCR 4(5) F
Ead Y |GGCCR 4(5) ADKLMN
Cfr10l R|CCGGY 2(5) ADFKMO
Bsel18| R|CCGGY I
BsiFl R|CCGGY N
BsAl R|CCGGY Cc
(Cjel)® (8/14)CCANNNNNNGT(15/9)
(CjeP1)s (7/13)CCANNNNNNNTC(14/8)
Clal AT |CGAT 5(6) ABHKMNPRST
Banlll AT |CGAT (0]
Bsa29l AT |CGAT |
Bsd AT |CGAT L
BseCl AT |CGAT 5(6) c
BsiXI AT |CGAT T
BspLo6l AT |CGAT 5(6) E
BsDI AT |CGAT N
BspXI AT |CGAT G
Bsul5I AT |CGAT 5(6) DF
Cvidl RG|CY 3(5) Q
(CviRI) TG/CA 4(6)
Dde CJTNAG 1(5) ABEGLMNORS
BsDEI CITNAG DI
Dpnl* GMBA | TC ABELMNRS
Drall RG|JGNCCY AGMS
Eca0109I1 RG]JGNCCY ABDEFJKLN
(Pss) RGGNC|CY
Dralll CACNNN|GTG AEGMNS
Add CACNNN|GTG F
Drdl GACNNNN|NNGTC N
DseDlI GACNNNN|NNGTC |
(Drdl) GAACCA
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Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
Dsa C|CRYGG M
BsDSI CJICRYGG DI
Eaml105I GACNNNJNNGTC DFK
Ahd GACNNN|NNGTC N
AsfEI GACNNNJNNGTC M
EcIHKI GACNNNJNNGTC R
NruGl GACNNN|NNGTC |
(Ecil) TCCGCC
Eca3ll GGTCTC(1/5) 4(5),—4(6) DF
Bsd GGTCTC(1/5) N
Ecoa7lll AGC|GCT BDEFLMNORS
Afdl AGC|GCT |
Aor51HI AGC|GCT AK
Ecob7I CTGAAG(16/14) 5(6),~5(6) DFN
EcoNI CCTNN/NNNAGG AN
Xad CCTNN/NNNAGG F
EcoRl GJAATTC 3(6) ABCDEFGHIJKLMNOPQRST
EcoRlIf |CCWGG 2(5) BEJMOS
+ BsiLI CCI|WGG T
+ BstUl CCI|WGG |
+ BsiNI CCI|WGG 2(4) CEN
+ Bs©Ol CCI|WGG R
+ Mval CCI|WGG 2(4) ADFKMOS
EcoRV GAT |ATC 2(6) ABCDEGHIJKLMNOPQRST
Eco32l GAT|ATC F
(Esp) Blpl GCJ/TNAGC N
Bpul102I GC|TNAGC BDEFK
Bspl720I GC|TNAGC |
Cell GC|TNAGC ALM
Essl CGTCTC(1/5) 4(5),~4(6) DF
BsnBI CGTCTC(1/5) N
Faul CCCGC(4/6) |
Finl GGGAC
BsnF GGGAC(10/14) N
FnudHI GC|INGC N
FspaHI GC|NGC I
Ital GC|INGC M
(FnuDII) Acdl CG|CG AJKQ
BshL236I CG|CG DEF
BstJI CGJCG N
Mvnl CG|CG M
Tha CG|CG B
(Sel) 1CGCG
Foki GGATG(9/13) 3(6),—2(6) ADGIJKLMNR
BseG| GGATG(2/0) F
Bsf5I GGATG(2/0) 3(6) IN
(Std) GGATG(10/14) 3(6),—2(6)
Fsd GGCCG@EcCC ?(5) AKN
(Gdill) CGGCCR(-5/-1)
Gsu CTGGAG(16/14) DF
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Table 1.continued

Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
Bpmi CTGGAG(16/14) N
(Had) WGG|CCW
Hadll RGCGQY ABDEGJKLMNORS
Bspl43lIl RGCGQY F
BstH2I RGCGQY |
(Lpnt) RGC|GCY
Haslll GG|CC 3(5) ABCDGHIJKLMNOPQRST
BsH GGJCC T
BsLRI GGJCC 3(5) FI
Pall GGJCC E
(HadlV) GAYNNNNNRTC 2(6)
Hoal GACGC(5/10) 3(5),-2(5) AN
(HgiAl) Aw21l GWGCW|C DF
AsHI GWGCW|C M
Bbv12| GWGCW,C I
BsiHKAI GWGCW|C N
(HgiCl) AcB1l G|GYRCC I
Ban G|GYRCC ?(5) AEMNORS
Bsh\I G|GYRCC F
Eco64l G|GYRCC DF
(HgiEll ACCNNNNNNGGT
(Hgidur Banll GRGCY|C 4(5) ABKLMNOQRS
Eca24l GRGCY|C DF
Ecor3sl GRGCY|C J
FriOl GRGCY|C I
Hhal GCG|C 2(5) ABGJKNOPR
Asf_El GCG|C |
Cfol GCG|C BLMRS
Hineél G/CGC DF
HinP1l GlCGC N
HspAl G|CGC |
(Hin41) GABNNNNNVTC
Hindll GTY|RAC 5(6) MS
Hincll GTY]RAC 5(6) ABCDEFGHJKLNOPQR
Hindlll AJAGCTT 1(6) ABCDEFGHIJKLMNOPQRST
Hinfl GJANTC ABDEFGHIJKLMNOPQRST
Hpal GTTLAAC 5(6) ABDEGHJKLMNOPQRST
BsHPI GTT|AAC |
KspAl GTT]AAC F
Hpall CICGG 2(5) BDEFGILMNOPQRS
BsiS| CICGG C
Hapll ClCGG 2(5) AK
Hin2I CICGG F
Msp CICGG 1(5) ABDEFGHIJKLMNOPQRS
Hphl GGTGA(8/7) 5(6),—2(5) AFN
AsWHPI GGTGA(8/7) I
Kpnl GGTAC|C 4(6) ABCDEFGHIJKLMNOPQRST
Acb5I G|GTACC DFINR
Asprisl G|GTACC M
Ksps32l CTCTTC(1/4) M
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Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
Bstbl CTCTTC(1/4) [
Eanml104l CTCTTC(1/4) DEF
Earl CTCTTC(1/4) N
Mae C|TAG M
Bfal ClTAG N
Masdl A|CGT M
Tail ACGT/ FN
Tsd ACGT] L
Maelll 1GTNAC M
Mbol9 LGATC 2(6) ABCEFGKLNQRT
BsdFl |GATC T
+ Bspl43l 1GATC DF
Dpnll |GATC 2(6) N
Kz®I 1GATC |
Ndel |GATC BDGJMS
+ SawBAl 1GATC 4(5) ABEGHJKLMNOPQRS
+ BSKT6! GAT|C 2(6)
Cha GATC|
Mboll GAAGA(8/7) 5(6) ABDFGJKNOQR
(Mcrl) BseD| CGRY|CG R
BsHhL285I CGRY|CG DF
BsiEl CGRY|CG N
BsMCI CGRY]CG |
Mfel CIAATTG N
Munl CIAATTG 3(6) BDEFKMS
Milul A]CGCGT ABDEFGIJKLMNOPQRS
(Mmd) TCCRAC(20/18)
Mnll CCTC(7/6) AEFNQ
Msd TITAA BN
Trull TITAA F
Trudl TITAA DILMR
Msli CAYNN NNRTG N
(Mst)) Accl6l TGC|GCA DI
Avill TGC|GCA M
Fspl TGC|GCA ABJKNOS
NsH TGC|GCA F
Mwol GCNNNNN|NNGC ?(5) N
Nad GCC|GGC ADEKLMNORS
MroNI G|CCGGC I
NgoAIlV GJCCGGC B
NgoMli G|CCGGC 2(5) NR
Narl GGJCGCC BEJMNOPRS
Bbd GGCG(QC AK
Egd GGC|GCC |
Ehd GGC|GCC ADFNO
Kad G|GCGCC N
Mly113| GG|CGCC [
Ncd C|CATGG ?(4) ABCDEFGHJKLMNOPQRST
Bspl9l C|ICATGG |
Ndd CA|TATG ABDEFGJKLMNPRS
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Table 1.continued

Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
FauNDI CA|TATG DI
Nhd G|CTAGC ABDEFGJKLMNOPRS
AsWNHI G|CTAGC |
(Acdl) GCTAG|C
Nlalll CATG| 2(6) ANO
Hspo2ll CATG| R
(CviAll) ClATG 2(6)
NlalV GGN|NCC N
Bsadl GGN|NCC T
Bsp.l GGN|NCC F
PspN4l GGN|NCC I
Not GC|GGCCGC ?(4) ABCDEFGHJKLMNOPQRST
CciNI GC|GGCCGC I
Nrul TCGJCGA ABCDEGIJKLMNOQRST
BsB8I TCG|CGA F
Nsp RCATGlY ABKM
BsNSI RCATG|Y DI
NsBll CMG|CKG A
MspA1ll CMG]CKG INR
Pad TTAAT | TAA NO
Pfl1108I TCGTAG
PflMI CCANNNNJNTGG ANS
AcB7I CCANNNNINTGG IR
Espl396I CCANNNNJNTGG F
Varoll CCANNNNINTGG DFKM
Plel GAGTC(4/5) N
(Mlyl) GACTC(5/5)
PmeCI CAC|GTG AK
BbrPI CAC|GTG MO
Ecor2l CAC|GTG DEFR
Pmil CAC|GTG N
Pméd GTTTJAAAC N
PpuMI RG|GWCCY ANO
Psibll RG|GWCCY BDF
PsPPI RG|GWCCY I
PshAl GACNN/NNGTC AKN
Pst CTGCA|G 5(6) ABCDEFGHIJKLMNOPQRST
Pvu CGAT|CG ABDEFGKLMNOPQRS
BsClI CGAT|CG E
Ple19l CGAT|CG |
Pvul CAG|CTG 4(4) ABCDEFGHIJKLMNOPQRST
(RI€Al) CCCACA(12/9)
Rsd GT|AC ABCDEFGIILMNOPQRST
Afal GT|AC K
Csbl GJTAC DFN
Rsil CGJGWCCG BMN
Cpd CGJGWCCG ADFK
Csg CGJGWCCG EOR
Sad GAGCT|C 5(?) ACEFGHJKLMNOPQRST
Ecl136ll GAG|CTC DFEN
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Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
EcdCRI GAG|CTC R
Pspl24Bl GAGCT|C DI
Sst GAGCT|C BC
Sadl CCGC|GG ACEGHJKLNOPQRT
Cfra2l CCGC|GG DF
Kspl CCGCIGG MS
Sfr303| CCGC|GG I
Sstl CCGC|GG B
(Mlu1131) CCIGCGG
Sal G|TCGAC 5(6) ABCDEFGHIJKLMNOPQRST
SarDI GGJGWCCC E
Sap GCTCTTC(1/4) N
(Sau) Aod CC|TNAGG M
Axyl CC|TNAGG J
Bsell CC|TNAGG I
Bsws6l CC|TNAGG ENR
Cvnl CC|TNAGG B
EcaoB1l CC|TNAGG ADFKO
Scd AGT]ACT ABCDEFGJKLMNOPQRS
Accli3l AGT|ACT |
Eca255I AGT|ACT F
SciFl CCINGG ?2(5) DIJMNOS
BsKI |CCNGG N
MspR9I CCINGG [
Sdu GDGCH|C F
Bmyi GDGCH|C M
Bspl2861 GDGCH|C ADJKNR
(Sed) Bsall CJCNNGG N
BseDI CJCNNGG DF
Sexl A|CCWGGT M
SfaNI GCATC(5/9) IN
(BsAAl) GCATC(4/6)
(Sfd) Bfml C|TRYAG F
BstSFI CJTRYAG DI
Std ClTRYAG N
Sil GGCCNNNN|NGGCC ?(4) ABCDEGIJKLMNOPQRST
Sof GCGAT|CGC R
SgiAl CR|CCGGYG M
(Sim) GGGTC(-3/0)
Sma CCC|GGG 2(4) ABCDEFGHIJKLMNOPQRST
Cfrol ClCCGGG 2(4) FO
PspAl CJCCGGG E
Xmd ClCCGGG 2(4) ADINPR
XmeCl C|CCGGG M
Sml ClTYRAG N
(Snd) BsNAI GTAJTAC |
Bst1107I GTA|TAC DFKM
Bsz17I GTAJTAC N
SnaBl TAC|GTA ACEKLMNR
BsiSNI TAC|GTA DI
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Table 1.continued

Prototypé Isoschizomers Recognition sequenke Me sit¢ Commercial sourée
Ecol05I TAC|GTA FO
Spe A|CTAGT ABDEHJKLMNOPQRST
AcINI A|]CTAGT |
Bcu A|CTAGT F
SpH GCATG|C ABCDEGHIJKLMNOPQRST
Bbu GCATG|C R
Pad GCATG|C F
Spl C|/GTACG AK
BsiwI C|GTACG MNO
Pfl23I1 C|/GTACG DF
Psp.I C|GTACG I
Sun C|IGTACG B
S GCCC|GGGC EO
Ss&387I1 CCTGCA|GG AK
Sbf CCTGCA|GG DIN
Sdd CCTGCA|GG F
(Ss86471) AG/GWCCT
Ssp AAT |ATT ?(6) ABCDEFIJKLMNOPQRS
Stu AGG|CCT ABEJKLMNPQRST
Aatl AGG|CCT (0]
Ecol47l AGG|CCT DF
PmMeS5I AGG|CCT |
Ss@| AGG|CCT C
Sty CI|CWWGG BCEJMNRS
BssT1l C|CWWGG I
Ecol30I C|CWWGG DF
Ecori4l C|CWWGG AK
Erhl CI|CWWGG |
Swd ATTT |AAAT MS
Smi ATTT |AAAT DFlI
Tad TICGA 4(6) ABCDEFGIJILMNOPQRST
TthHBSI TICGA 4(6) AK
(Tagl)h CACCCA(11/9)
(Tagl)h GACCGA(11/9)
Tat W]GTACW F
(Tau) GCSGC
THil GJAWTC N
Tsd G|CWGC N
Tspi5l 1IGTSAC N
(TspACl) BsuCl ACN|GT I
TS(EI JAATT LO
Ssél LAATT 2(6) DI
Tsb09l JAATT N
TsRI CASTGNN| N
Tth111l GACN|NNGTC ADIKNQR
Asd GACN|NNGTC MS
PfIFI GACN|NNGTC N
(Tth111ll) CAARCA(11/9)
(UbaDlI) GAACNNNNNNTCC

(UbaEl) CACCTGC
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Prototypé Isoschizomer® Recognition sequente Me sit¢ Commercial sourée

Vsd AT | TAAT 5(6) BDEFIR
Asd AT | TAAT AJINO
Asrl AT | TAAT MS
PsiBI AT | TAAT K

Xbal T|CTAGA 6(6) ABCDEFGHIJKLMNOPQRST

Xcm CCANNNNNINNNNTGG AN

Xhd CJITCGAG ABCDEFGHJKLMNOPQRST
PaeR7I CJITCGAG 5(6) N
(Sci) CTC|GAG
Sfrr741 CITCGAG |

Xhadl R]IGATCY EMRS
BsiX2l R|IGATCY DI
Bstyl R]IGATCY BN
Ml R]IGATCY AK

Xmdll C|GGCCG 4(5) BE
BsexX3l C|GGCCG |
Bs@ZI C]|GGCCG R
Eag C|GGCCG ?2(5) NP
EclIXI C|/GGCCG MS
Ecdb2| C|]GGCCG ADFKOR

Xmn GAANN NNTTC DENR
Aspr00l GAANN [NNTTC M
MroXI GAANN NNTTC |

Type | restriction enzymes

Prototype enzyme Recognition sequenke Me sit&

CfrAl GCANNNNNNNNGTGG

EcaAl GAGNNNNNNNGTCA 2(6),—3(6)

EcaBl TGANNNNNNNNTGCT 3(6),-4(6)

EcoDlI TTANNNNNNNGTCY

EcdDR2 TCANNNNNNGTCG

EcoDR3 TCANNNNNNNATCG

EcdDXXI TCANNNNNNNRTTC

EccEl GAGNNNNNNNATGC

EcoKl AACNNNNNNGTGC 2(6),-3(6)

Ecor124l GAANNNNNNRTCG 3(6),-3(6)

Ecor124ll GAANNNNNNNRTCG 3(6),-3(6)

EcoRD2 GAANNNNNNRTTC

EcaRD3 GAANNNNNNNRTTC

Ecoprrl CCANNNNNNNRTGC

StLTII GAGNNNNNNRTAYG 2(6),—4(6)

StysSJ GAGNNNNNNGTRC

StySKI CGATNNNNNNNGTTA

StySPI AACNNNNNNGTRC 2(6),-3(6)

StySQ AACNNNNNNRTAYG

Type lll restriction enzymes

Prototype enzyme Recognition sequenke Me sit&

EccoPl AGACC 3(6)

EcoP15l CAGCAG(25/27) 5(6)

Hinflll CGAAT

StyLTI CAGAG 4(6)
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aWVhen an enzyme name appears in parentheses it indicates that it is not itself commercially available. *Sidgnifi¢ sethaires the presence of 6-methyladenosine
within the recognition sequence GmATC.
bRecognition sequences use the standard abbreviafians)[ Biochem(1985)150, 1-5] to represent ambiguity.

R=AorG B=notA(CorGorT)
Y=CorT D=notC(AorGorT)
M=AorC H=notG(AorCorT)
K=GorT V=notT (AorCorQG)
S=GorC N=AorCorGorT
W=AorT

Recognition sequences are written fronmtds3, only one strand being given, and the point of cleavage is indicated by an grrtMhén no arrow appears, the
precise cleavage site has not been determined. For enzymes BaiVil awhich cleaves away from its recognition sequence, the sites of cleavage are indicated
in parentheses. Thus GTATCC (6/5) indicates cleavage as shown below:

5'-GTATCCNNNNNN3 '

3'-CATAGGNNNNNS5 '
In all cases the recognition sequences are oriented so that the cleavage sites lie'esidbeir 3
CThe site of methylation by the cognate methylase when known is indicated as follows. The first number shows the baseawtbititiba sequence that is modi-
fied. A negative number indicates the complementary strand, numbered frdrbake 6f that strand. The number in parentheses indicates the specific methylation
involved. (6) = N6-methyladenosine; (5) = 5-methylcytosine; (4) = N4-methylcytosine. ThilsviBl the designation 3(5),—4(6) signifies the following pattern
of methylation:

1 2 3 4 5

5 G T 5mC T c 3

3 C 6mA G A G &
5 4 3 2 -4

dcommercial sources of restriction enzymes are abbreviated as follows: A, Amersham Life Sciences-USB (4/97); B, Life Tedhopitieo-BRL (1/97); C,
Minotech Molecular Biology Products (10/97); D, Angewandte Gentechnologie Systeme (10/97); E, Stratagene (4/97); F, F&BM@&/&s$; (&, Appligene
Oncor (10/97); H, American Allied Biochemical, Inc. (10/97); |, SibEnzyme Ltd. (4/97); J, Nippon Gene Co., Ltd. (10/973r& SFakzo Co. Ltd. (4/97); L, NBL
Gene Sciences Limited (5/97); M, Boehringer-Mannheim (10/97); N, New England BioLabs (10/97); O, Toyobo Biochemicals PH&iaeja Biotech Inc.
(8/97); Q, CHIMERX (10/97); R, Promega Corporation (7/97); S, Sigma (10/97); T, Advanced Biotechnologies Ltd. (1/97).illpad=itheses indicates the
most recent update.

€Enzymes that cut on both sides of their recognition sequence, sa#,&8cd, Bsp24l, Cjel andCjePI, have four cleavage sites each instead of two. For example,
Bsp4l cleaves as indicated:

5' INNNNNNNNGACNNNNNNTGGNNNNNNNNNMNNN '

3 INNNNNNNNNNNNNCTGNNNNNNACCNNNNNNN !

This is described in Table 1 and some REBASE repoBsiztl (8/13)GACNNNNNNTGG(12/7). Thus the recognition site is excised in a fragment, 32 bp long,
with 5-base 3extensions at each end.

fEcoRII isoschizomers fall into two classes based upon their sensitivity to methyEtimril will not cleave when the second cytosine in the recognition sequence
is methylated to 5-methylcytosine wherdégal will cleave such a sequence. IsoschizomerSanRll that are likeMval are indicated by +.

9Mbol isoschizomers fall into two classes based upon their sensitivity to methyMbolwill not cleave when the recognition sequence contains 6-methyladeno-
sine whereaSawBAl will not cleave when its recognition sequence contains 5-methylcytosine. Isoschizoiiad tfat are likeSawBAI are indicated by +.

hTagl differs from other restriction enzymes in recognizing two distinct sequences: GACCG and CACCCA.

Table 2.Homing endonucleases

Enzyme Sequence around one cleavage?site Commercial sourde
I-Ceul CGTAACTATAACGGTC_CTAA|GGTAGCGAA N

I-Dmol ATGCCTTGCCGG_GTAAGTTCCGGCGCGCAT L

I-Ppol TAACTATGACTCTC_TTAA|GGTAGCCAAAT NR

I-Scel AGTTACGCTAGGG_ATAA|CAGGGTAATATAG M

PI-Pspl AAAATCCTGGCAAACAGCTA_TTAT |GGGTAT N

PI-Scel ATCTATGTCGG_GTGQ GGAGAAAGAGGTAAT N

PI-Tlil GTTCTTTATGCGG_ACAQTGACGGCTTTTA N

aThe recognition sequence is loosely defined as the sequence that normally flanks the intron or intein encoding the englamiicke@sacleavage on the strand
shown; _indicates cleavage on the complementary strand.
bFor commercial sources see the legend to Table 1.



